than its epidural or peripheral nerve block counterparts (4) . However, the dosing and efficacy of intrathecal opioids (ITOs) remain limited due to fear of respiratory depression.
Therefore, to provide excellent postoperative pain control, we implemented a novel approach to allow high-dose intrathecal morphine by combining the ITO dose with a prophylactic intravenous (IV) naloxone infusion to control opioid-related side effects such as respiratory depression. We hypothesize that high-dose ITOs combined with IV naloxone provide better postoperative analgesia after major pelvic surgery than standard IV opioid therapy without causing major spinal opioid-related complications.
The technique has been published previously (5) . In our previous report, we were not able to compare the intrathecal approach with conventional IV opioid therapy. The aim of the present analysis was to establish the safety profile and efficacy of high-dose ITOs combined with IV naloxone compared with IV opioid analgesia. Because this analgesic regimen was developed over several years, we chose a retrospective chart analysis to evaluate safety and efficacy.
MethodS
After institutional review board approval, a systematic retrospective review of the medical records was performed on patients undergoing a pubovaginal sling (PVS), or a combination of PVS with total vaginal hysterectomy (TVH) in the time period from January 1, 2004, to December 31, 2006 at Pikeville Medical Center (Kentucky, USA). Because the technique was developed and modified over several years, the observation time period was chosen to avoid any modifications in the described technique due to system adjustments, and still allow inclusion of the maximal available patient collective for analysis. The institutional review board waived the requirement for written consent. All patients undergoing the surgical procedure of interest were reviewed. A total of 121 patients were identified. The medical records were reviewed for procedure-related data (anesthesia technique/ operating room (OR) time/timing and dosing of the intrathecal medication), anesthesia recovery time, postoperative use and method of pain control for the first 48 h, quality of pain control in the first 48 h postoperatively (visual analogue scale [VAS] pain scores and patient request for analgesics), vital signs (respiratory rate, heart rate, noninvasive mean blood pressure and pulse oximetry saturation) measured at 6 h, 12 h, 18 h, 24 h, 36 h and 48 h postintrathecal placement, length of hospital stay, and opioid-and nonopioid-related events during the first 48 h postoperatively.
For intra-and postoperative analgesia, all patients received either a single-shot ITO dose or IV opioids. After obtaining surgical consent, all patients received 2 mg IV midazolam for premedication.
ito group
The technique was previously reported in detail by Rebel et al (5) . Briefly, patients receive a single-shot intrathecal injection of preservative-free morphine, preservative-free fentanyl, 100 mg dextrose (1 mL of a 10% solution) and 0.2 mg adrenaline to a total volume of 3 mL to 3.5 mL using a sterile technique with a 25-gauge or 27-gauge Whitaker needle before anesthesia induction; no local anesthetic was added to the intrathecal medication. General anesthesia was then induced. The anesthetic included endotracheal intubation and neuromuscular paralysis. Intraoperatively or at the conclusion of the procedure (60 min to 120 min after intrathecal placement), a naloxone infusion (20 µg/mL) was started and maintained at 5 µg/kg/h for 22 h postintrathecal placement. If spontaneous respiration did not resume at the end of the procedure after reversal of the neuromuscular blockade, a bolus of 0.2 mg to 0.4 mg IV naloxone was administered.
iV morphine group
Patients refusing intrathecal injection or with contraindications to neuraxial injection were treated with IV opioids for postoperative analgesia. The surgical procedure, including endotracheal intubation and neuromuscular paralysis, was performed under general anesthesia. Intraoperative opioids (fentanyl, morphine or meperidine) were given for analgesia. Postoperative pain control was provided by IV patientcontrolled analgesia (IVPCA) with 1 mg morphine every 6 min to 10 min, no basal rate and a lockout dose of 10 mg/h. If the patient was not a candidate for IVPCA, nurse-controlled IV injections of morphine or meperidine were used for postoperative analgesia depending on the patient response and the preferences of the surgical service.
Postoperatively, all patients were observed in the postanesthesia recovery unit (PACU) until discharge criteria according to the Aldrete score were met (6) . If necessary, additional analgesics (ketorolac or opioids) were given for pain control. Patients in the ITO group were discharged to the nursing floor with standardized postoperative orders (Appendix). A standard order set was developed for ITO (Appendix) and an anesthesia provider was continuously available. After 22 h postintrathecal placement, the naloxone infusion was discontinued. Postoperative analgesia was assumed by the primary surgeon using oral analgesics (hydrocodone/acetominophen or oxycodone/acetominophen) and IV morphine (IVM) for breakthrough pain. In the IVM group, the standardized orders were not used. The patients received opioids (morphine or meperidine) by IVPCA, as ordered by the anesthesia provider or surgeon. If analgesia was not sufficient even after a dose increase and patient-controlled analgesia adjustments, hydromorphone was used. Postoperative analgesia was managed by the primary surgical service.
target parameters
The primary objective of the present analysis was to assess the occurrence of opioid-related events, which included respiratory depression (with or without need for intervention), hemodynamic stability and pruritus. The secondary goal was to assess the efficacy of high-dose ITOs, evaluated by need for additional analgesics, quality of pain control determined by patient-reported VAS scores (0 = no pain; 10 = worst pain possible), and patient comfort as expressed by the ability to ambulate and need for hospitalization/discharge time. The need for additional analgesics was assessed by different approaches: 1. Timing of the first opioid postoperatively: The time interval for the ITO group was expressed in minutes after intrathecal placement; for the IVM group, it was expressed in minutes after the surgery started. For all ITO patients, the spinal injection occurred within 20 min of start of surgery. Thus, the start time for the first opioid postoperatively was very similar for both the ITO and IVM groups. Because opioid choice depended on the anesthesia provider and surgeon preference, different analgesics were used postoperatively.
To comparatively assess the amount of opioids, opioid equivalents were calculated based on published opioid equivalent tables and adjusted to a relative value compared with 1 mg IVM ( requiring naloxone intervention), nausea/vomiting (according to nursing note or requiring antiemetics) and pruritus were reported to occur.
Statistical data analysis
All data for continuous variables are expressed as mean ± SD, while data for categorical variables are expressed as percentages. Primary analyses involved separate comparisons of the PVS+ITO and PVS+IVM groups, and the PVS/TVH+ITO and PVS/TVH+IVM groups with regard to a variety of clinical outcome variables. Group means for continuous variables were compared using Student's t test for independent samples. When appropriate, group means for continuous clinical outcome variables were compared using ANCOVA to control for group differences in demographic or clinical variables. Group comparisons for categorical variables were made using the c 2 test. Group differences in time to first postoperative opioid dose were compared using Kaplan-Meier analyses. Time to first postoperative opioid dose was defined as the elapsed time between first postoperative administration of opioids and time of intrathecal analgesia placement (PVS+ITO and PVS/TVH+ITO groups) or time of surgical incision (PVS+IVM and PVS/TVH+IVM groups). The criterion for statistical significance for all analyses was set at P<0.05.
ReSultS
A total of 121 female patients were identified who underwent PVS or PVS/TVH at Pikeville Medical Center in the time period from January 1, 2004, to December 31, 2006 , with the following distribution: 53 patients underwent PVS/TVH and 68 patients underwent PVS alone. The biological data for each group and group sizes are shown in Table 2 .
No differences in vital signs were observed among the groups during the observation period (Table 3) . Respiration rate did not differ in the ITO groups compared with the IVM groups for either surgical procedure. Because patients receiving only IV opioids were not routinely monitored with pulse oximetry postoperatively, pulse oximetry data in the IVM groups are incomplete.
Results for PVS surgery (groups 1 and 2)
There were 58 patients in the ITO group and 10 patients in the IVM group. The ITO (PVS) group received a mean dose of 1.1±0.1 mg morphine and 49±6 µg fentanyl intrathecally before anesthesia induction. There were no differences in OR and PACU time between the control (IVM) and treatment group. In general, much better pain relief was observed (Table 4 and Figures 1 and 2 ) in the ITO group. The worst VAS pain score in the first 12 h postoperatively was (Figure 2 ). The time to the first postoperative opioid dose was significantly longer in the ITO group than in the IVM group ( Figure 3) . Patients in the IVM group received significantly more (P<0.01) postoperative opioids in the first 24 h (44.9±35.5 morphine equivalents) than the patients in the ITO group (5.7±8.7 morphine equivalents) ( Figure 1 ). As adjuvant to the opioid analgesia, the ITO and IVM groups received similar amounts of IV ketorolac in the first 24 h (69.8±50.8 mg and 69.0±74.9 mg, respectively). Patients were discharged no sooner than 24 h after the procedure, with an average of 30 h after the procedure in both groups. The length of hospitalization did not differ between the treatment groups. The patients in the ITO group did not report pain during the nursing assessment on the floor until 23.7±6.1 h postprocedure, whereas the patients in the IVM group reported pain 7.0±9.6 h postprocedure (P<0.01). The VAS pain score before discharge from hospital was 0.9±1.9 in the ITO group and 3.4±2.1 in the IVM group (P<0.01).
A comparison of American Society of Anesthesiologists (ASA) scores revealed a slightly higher ASA score in the IVM group than in the ITO group (Table 2, P=0.02), indicating a higher prevalence of diabetes, obesity and chronic obstructive pulmonary disease in the IVM group. However, secondary analysis of all variables (VAS scores, opioid equivalents, opioid timing, ketorolac dosing, ambulation and side effects) were unchanged in statistical significance after using ANCOVA with the ASA rating as a covariate.
Results for tVh/PVS surgery (groups 3 and 4)
There were a total of 40 patients in the ITO group and 13 patients in the IVM group. The ITO (TVH/PVS) group received 1.04±0.16 mg morphine and 46±10 µg fentanyl intrathecally. There were no differences in OR and PACU time between the IVM and ITO groups. In general, more effective pain relief was observed (Table 4 
Intrathecal opioid group -group 1, intermittent (dashed) line; Intravenous morphine group -group 2, solid line

Figure 4) Visual analogue scale (VAS) pain scores (0 = no pain, 10 = worst pain) in the total vaginal hysterectomy with pubovaginal sling (TVH/ PVS) group. Data presented as mean ± SD. Star symbol indicates P<0.01. hrs Hours; ITO Intrathecal opioid (group 1); IVM Intravenous morphine (group 2); postop Postoperative
Figure 1) Opioid consumption in the pubovaginal sling (PVS) group. Data presented as mean ± SD. Opioid equivalents = 1 mg morphine. Star symbol indicates P<0.01. hrs Hours; ITO Intrathecal opioid (group 1); IVM Intravenous morphine (group 2)
and IVM group IV ketorolac in the first 24 h was 103±53 mg and 32±61 mg, respectively. Patients were discharged after more than 40 h postprocedure with a similar length of hospitalization in both groups. The patients in the ITO group did not report pain during the nursing assessment on the floor until 31.3±13.2 h postprocedure, whereas the patients in the IVM group reported pain 5.8±8.4 h postprocedure (P<0.01).
The need for additional postoperative opioids was dramatically lower in the ITO patients for both procedures (groups 1 and 3) compared with patients in the IVM groups (Table 5) . After undergoing PVS (group 1), 29 patients received the single-shot opioid injection and did not require any other opioids for analgesia during their entire hospitalization. After TVH/PVS (group 3), 23 patients did not require additional opioids after intrathecal morphine in the first 24 h postoperatively, and three patients did not require any additional opioids before hospital discharge.
occurrence and severity of opioid-related side effects
In general, more opioid related side effects (Table 6) were observed in the ITO groups (groups 1 and 3) . The most common side effect observed in the analysis was pruritus, with an incidence of 27% in the ITO group and 17% in the IVM group. In all patients, the pruritus was easily controlled with diphenhydramine. None of the patients required further intervention. Postoperative nausea or vomiting occurred with similar frequency in both treatment groups for both surgical interventions. The apparently higher occurrence of postoperative nausea and vomiting in the IVM patients might be explained by the small sample size and might not truly reflect statistical difference. All patients received intraoperative antiemetics independently of the analgesic approach. Sedation, as noted by the nursing staff, was never rated as severe and did not require intervention in any of the groups. The increased incidence of sedation in the IVM group might have been related to increased opioid consumption.
The most severe opioid-related side effect -respiratory depressionoccurred more frequently in the IVM group than in the ITO group. However, in all instances, respiratory depression was recognized early and intervention with either opioid dose reduction or naloxone resolved it without further complications. A single event of respiratory depression in the ITO group occurred because of failure to start the naloxone infusion as ordered, which supports the importance of the IV naloxone infusion to ensure safety of this technique. Specifically, 7 h after intrathecal injection, the patient became bradypneic (respiratory rate 10 breaths/min) and somnolent. After a naloxone bolus (0.2 mg) followed by a continuous naloxone infusion, the situation resolved. More frequently, respiratory depression secondary to opioid analgesia was observed in the IVM group in five patients. One patient required a naloxone bolus (0.4 mg) for reversal of the respiratory depression. Pulse oximetry was not routinely used in the nonintrathecal analgesia patients. Sedation was the predominant sign of respiratory compromise associated with opioid overdose.
diScuSSion
Data from the present retrospective chart review indicated that highdose intrathecal morphine provided excellent postoperative analgesia after major pelvic surgery. The postoperative analgesia was clearly superior to standard IV opioid analgesic therapy. The combination of high-dose ITO with IV naloxone controlled opioid-related side effects and did not affect the analgesia. High-dose intrathecal morphine has been used to control pain for three decades. First reported in 1979 by Cousins et al (9) and Sami et al (10), 1 mg to 2 mg of morphine given intrathecally controlled cancerrelated pain for up to 27 h in opioid-tolerant patients without causing respiratory depression. However, because this method was more often used for postoperative analgesia in opioid-naive patients, life-threatening respiratory depression was observed (11) (12) (13) (14) (15) . The seriousness of the induced respiratory depression was related to the dose of ITOs (16) . The incidence of late respiratory depression is reported to be 4% to 7% for patients receiving intrathecal morphine (0.8 mg to 2 mg), compared with 0.25% to 0.4% for those receiving epidural morphine (2 mg to 4 mg) (3). Lower doses of intrathecal morphine (0.3 mg to 0.4 mg) are linked to minimal risk of respiratory depression (16, 17) . In the absence of clear dosing guidelines, ITOs were labelled as having a disturbingly high frequency of respiratory depression and it was believed that lower doses still provided adequate postoperative analgesia (18) . Chadwick and Ready (19) studied the analgesic effect of 0.3 mg to 0.5 mg intrathecal morphine after caesarean section and reported that 78% of the patients experienced more than 20 h of sufficient analgesia. These findings differ from our analysis and may be explained by the combined use of ITOs with local anesthesia in obstetrics and labour analgesia. Lower doses of intrathecal morphine were added to neuraxial anesthesia with local anesthesia, thus potentiating the analgesic effect and conferring a possible advantage of pre-emptive analgesia, which differed from our study (20, 21) .
In a recent meta-analysis (22) of randomized trials assessing the benefits and risks of intrathecal morphine without local anesthetic, the opioid-sparing effects of ITOs for abdominal surgery were consistently apparent. In an editorial, Stoelting (23) encouraged the anesthesia community to consider ITOs as the preferable route for opioid-based analgesia and to develop a new attitude toward this underused modality. Leading by example, his group published a retrospective study of nearly 6000 patients who received ITOs for postoperative pain (4). The morphine doses ranged from 0.2 mg to 0.8 mg. Patients were very satisfied with the pain control, and side effects were easily managed, with a 3% incidence of respiratory depression. The duration of the observed analgesia lasted more than 23 h when high-dose intrathecal morphine was used, which confirmed the observation from previous studies (24) . When compared with low-dose intrathecal morphine without naloxone, our approach provided equal, if not superior, analgesia with fewer opioid-related side effects (25, 26) .
It is possible that the postoperative IV naloxone infusion contributed to the analgesia observed in the ITO group. An enhancement of opioid analgesia by opioid antagonists has been shown in animal models and suggested as a possible treatment for opioid-resistant pain (27, 28) . A few studies (29) (30) (31) conducted in humans suggested a paradoxical opioid enhancement by opioid antagonists. Although the etiology of this effect is unknown, one explanation advocates that opioids have both an inhibitory (analgesic) effect at larger doses and an excitatory (antianalgesic) effect at very low doses. Thus, the addition of low doses of opioid antagonists to opioid agonists produces inhibition of the excitatory effect of opioids and enhances the opioid inhibitory effect (28) . It is less likely that our patients experienced an opioid-enhanced effect from the naloxone infusion because the dose of naloxone in our study was much higher than suggested for analgesic enhancement (28) .
As a single-shot intrathecal technique with long-lasting analgesia, this approach offers many advantages compared with other methods (catheter peripheral nerve blocks, epidural catheter or IVPCA). Technically, the intrathecal injection is easier to perform than peripheral nerve blocks or epidural catheter placement, and does not need additional equipment such as pumps, ultrasound equipment or a nerve stimulator. The single-shot approach precludes the risk of catheter dislodgement or infection. An important finding in our study was the ease of early ambulation in patients receiving high-dose intrathecal morphine. With good analgesia and no additional equipment needed, the ability to ambulate was obviously better. However, based on the available data and as a limitation of the retrospective analysis, it is unclear whether patients ambulated better because of superior analgesia or other factors. However, this observation alone should make this technique worthy of consideration if early ambulation is essential for surgical success, such as in total joint replacement or in patients at a high risk for deep vein thrombosis. As described in several publications, intrathecal morphine is very efficient method for postoperative analgesia after orthopedic procedures (1, 32, 33) . However, only low-dose regimens have been used, analgesia has been limited and pruritus was a major side effect affecting patient comfort (32, 33) .
The prophylactic administration of IV naloxone after neuraxial administration of opioids is also not a new idea. As described by Dailey et al in 1985 (34) and Rawal et al in 1986 (35) , a continuous IV naloxone infusion was used for intrathecal and epidural morphine as prophylaxis to avoid opioid-related side effects. When used for moderate doses of epidural morphine, naloxone partially reversed the opioidrelated analgesia in a dose-related manner and did not control opioidrelated side effects (26) . Low doses of opioid antagonist (naloxone 48 µg/h) were insufficient to control ITO-related side effects (36) . These findings, therefore, differed from our study because we used very high doses of intrathecal morphine and a high-dose naloxone infusion, which effectively controlled the occurrence of toxic opioid side effects, such as respiratory depression, without reversing the analgesia. Our regimen also appeared to control minor opioid side effects such as nausea and pruritus.
When used for labour analgesia, 1 mg intrathecal morphine induced excellent and long-lasting analgesia, and IV naloxone significantly decreased the incidence of opioid-related side effects, especially pruritus and respiratory depression, without affecting analgesia (34) . Using the same approach as Dailey et al (34) for labour analgesia, our investigation confirmed the excellent pain relief provided by highdose intrathecal morphine combined with IV naloxone. As in labour pain, the naloxone infusion did not affect postoperative analgesia. Opioid-related side effects were significantly reduced by IV naloxone without affecting analgesia. The single occurrence of respiratory depression in our analysis related to a failure to start the naloxone infusion. This underlines the importance of continuous IV naloxone administration for the safety of the described technique. It is crucial that any discontinuation of naloxone infusion is avoided and that problems (eg, pump failure, loss of peripheral access or subcutaneous infiltration) are immediately noted and corrected. The effect of naloxone on controlling opioid-related side effects has been found to be dose dependent (37) . Based on our data, we concluded that the naloxone dose of 5 µg/kg/h is well tolerated and sufficient to reliably control opioid side effects.
Using a naloxone infusion prophylactically for opioid-related side effects might not be a risk-free method. Naloxone has been well studied as a competitive opioid antagonist for its ability to control opioidrelated side effects. After caesarean section, the incidence of pruritus is reduced by low-dose IV naloxone (38) . It is not clear whether the opioid antagonistic effect on pruritus, postoperative nausea and vomiting, urinary retention and analgesia is dose dependent (38, 39) . Serious possible side effects associated with IV naloxone have been well documented. Not only could naloxone affect the analgesic potency of the opioid-based method (37) , it could also induce opioid withdrawal in susceptible patients. We did not observe any reduction in pain control caused by the opioid antagonist. It is beyond the scope of the present investigation to explain this observation. To minimize the possibility of inducing opioid withdrawal with continuous naloxone infusion, we screened our patient collective for evidence of chronic opioid use or opioid tolerance. We do not recommend this approach in opioid-tolerant patients.
Patients on anticoagulation would not be candidates for neuraxial injections according to the American Society of Regional Anesthesia recommendations (40) . We do not perform neuraxial injections on patients receiving systemic anticoagulation because of the increased risk of development of an epidural hematoma. Therefore, patients on systemic anticoagulation were excluded from our analysis, as described in the Methods section.
In the present study, ITO was not combined with local anesthesia. All patients received general anesthesia for the surgical procedure. Therefore, a synergistic effect of ITOs and local anesthesia, as suggested by Eberle and Norris (41), can be excluded.
There are obvious limitations of data interpretation in our investigation. The retrospective analysis limits the interpretation of data because of the inability to standardize anesthesia and postoperative management of all patients. The patient selection for each group was performed in a nonrandomized manner, based on patient self-selection or pre-existing comorbidities. Because of the lack of randomization, selection bias must be considered and data collection may have led to information bias. The control group was smaller than the treatment group. Based on the nonstandardized approach, we observed a higher dose of ketorolac in the ITO (TVH/PVS) group compared with the IVM group. However, it is unlikely that the differences in analgesia and opioid consumption are solely explained by the difference in nonsteroidal anti-inflammatory drug consumption. It is more likely that the dose of ketorolac was limited in this patient population because of pre-existing renal disease or a history of bleeding disorder. With regard to assessment of pain, the VAS is a less-than-perfect method of pain assessment; however, it is the current clinical standard and the most commonly used scale. Because the data were analyzed retrospectively, we did not have the option to test resting and evoked pain control. Because we observed a significant difference in patient ambulation, we believe that the difference expressed in pain control measured by a VAS reflected true differences. Additionally, the retrospective approach did not allow us to systematically assess the incidence and severity of other opioid-related side effects such as constipation or urinary retention. In future clinical trials, we would limit the opioid selection available for postoperative pain control and breakthrough pain and use standardized IVPCA for all patients (ITO and IVM) to exclude the effect of nursing-dependent factors on opioid timing and consumption.
Recently, practice guidelines for the administration of neuraxial opioids have been published (42) . According to the guidelines, the lowest efficacious dose of neuraxial opioid should be used to minimize the risk of respiratory depression. The guidelines strongly agree that the incidence of respiratory depression is increased when higher doses of ITOs are administered (42) . Our approach of high-dose, singleinjection ITO combined with concomitant IV naloxone infusion for 24 h postoperatively is not addressed by these recent practice guidelines. We hypothesize that preventing respiratory depression from the initial hours postoperatively by using a concomitant IV naloxone infusion may be much safer than waiting and diagnosing respiratory depression when it occurs. It might be the safest way to administer a neuraxial opioid because the most feared complication -respiratory depression -is already appropriately addressed and prevented. Clearly, additional prospective clinical studies are necessary to determine the incidence, if any, of postoperative respiratory depression.
The goal of the present retrospective chart review was to document the safety and efficiency of the described technique for postoperative pain control after major pelvic surgery. Our findings do not allow recommendations concerning the optimal dose range for the described technique. Guidelines for the use of neuraxial opioids only recommend the use of the lowest effective neuraxial opioid dose (42) . However, no data for a dose-response titration are available. Using a meta-analysis of 27 randomized clinical trials, Meylan et al (22) did not find evidence of a linear dose responsiveness of beneficial and harmful opioid-induced effects. In another meta-analysis, Gehling and Tryba (16) found that higher doses of ITOs in combination with spinal anesthesia were more prone to significant opioid-related side effects, confirming the assumption that local anesthesia and ITOs potentiate one another (16, 20, 21, 41) . Further studies will be required to find the optimal intrathecal morphine dose range and to select patient criteria to predict the most effective dose range with the lowest side effect profile. Based on our analysis, and on the study by Dailey et al (34) , we found that a single-injection intrathecal morphine dose of 1.0 mg to 1.4 mg appeared to be effective for lower abdominal and pelvic surgery in female and male patients (5) . Further studies will also be needed to document the advantages of high-dose neuroaxial opioid analgesia for other surgical indications.
SuMMARy
High-dose ITOs combined with IV naloxone provided excellent analgesia following pelvic surgery. The IV naloxone appeared to control opioid side effects without interfering with analgesia. No serious adverse events were noted, although a much larger study is needed to rule out any risk of serious respiratory depression. Future studies of the combination of high-dose ITOs with IV opioids using a prospective, randomized clinical trial are warranted. This analgesic technique will not be ready for widespread use until these prospective clinical studies have been completed.
